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1. Background and Introduction

Studies of the possible health effects of electromagnetic fields (EMFs) from the electric power system®
have been ongoing for almost 30 years. Although scores of studies have been completed on laboratory
animals, cells, and human populations, unassailable evidence that EMF exposure is harmful has yet to
emerge. In 1998, the National Institute of Environmental Health Sciences convened an expert working
group to review studies of possible EMF hedlth effects (NIEHS, 1999). This panel concluded that magnetic
fields from power systems should be classified as possibly carcinogenic, on the basis of a number of
epidemiologica studies showing elevated risks of leukemia among children and workers exposed to
unusually high magnetic field levels. The panel stopped short of characterizing the EMF-leukemialink as
probable or proven because laboratory animal and cellular-level studies have not supported the observations
in human populations. The panel further concluded that evidence linking EMF to diseases other than
leukemia was either weak, sparse, or non-existent. This leaves open the possibility that diseases other than
leukemia might be influenced by EMF exposure, although it may be quite some time before enough research
is completed to permit experts to render a judgment one way or the other.

In 1993, the Cdlifornia Public Utilities Commission (CPUC) instructed the public utilitiesin California
to support an EMF research and public education program (CPUC decision 93-01-013). The CPUC
authorized the California Department of Health Services (CDHS) to carry out this program. The studies
undertaken by this program (see http://www.dhs.ca.gov/ehib/emf) address a range of scientific and public
policy questions. This report addresses one of those questions. What are the pros and cons of aternative
policies to address EMF exposure in Caifornia public schools?

The California EMF Research Program has focused on schools for several reasons. First, of al the
diseases that have been studied in relation to EMF exposure, the evidence for EMF-induced childhood
leukemiarisk is strongest, although not considered conclusive by scientific review panels (NIEHS, 1999;
NRC, 1999). Second, society has historically set high standards for safety in schools and has shown a
higher willingness-to-pay to protect children than to protect adults. Finally, the public school environment,
unlike many other environments (e.g. home, work) is state-managed, so the state has a more direct
institutional responsibility to manage EMF risks in schools compared to EMF risks in other aress.

! Power system EMFs arise from many indoor and outdoor sources including appliances, lighting fixtures,
building wiring, transmission and distribution lines, electrical panels, and transformers. Although the term
“electromagnetic field” technically refersto both electric and magnetic fields, concern about health effects has
focused almost exclusively on exposure to magnetic fields. Further, Zaffanella et al. (2000) found that classroom
electric fields resemble residential electric fields. In thisreport, we usetheterm “EMF” to refer only to
magnetic fields.
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Occupationa risks incurred by teachers, although not the main driving force behind interest in EMF in
schools, are also a consideration in the decision to study the EMF-in-schools problem.

The overarching goal of this project is to help policy makers and stakeholders evaluate alternative
statewide policies to address EMF exposure in public schools. The project has four main products. The
first (this document containing an Executive Summary and main report) identifies policy options at the
statewide level and describes alternative frameworks for analyzing the pros and cons of those options. The
second, a computer model called EMF_SCHOOL, alows stakeholders and decision makers to explore the
statewide costs and benefits of alternative EMF field-strength standards for schools (Florig, 2000). The
third is a brief orientation to using the first two products in actually making decisions. The fourth, a report
on the social costs of a variety of diseases possibly associated with EMF exposure (Sheppard et a., 1998),
provides background information to support analyses in the first two products.

Although many aspects of the EMF issue are similar to those involving other potential environmental
hazards, EMFs in the environment are unique in a number of important ways. There are fundamental
uncertainties about (i) whether EMFs are indeed hazardous and, (ii) if so, what measure of “dose” best
predictsrisk. Further, stakeholders involved in the EMF issue have very different opinions concerning how
the scientific evidence should be interpreted, and different judgments concerning how society should
respond under a given interpretation of the science. In this policy analysis, we explicitly recognize these
legitimate differences of opinion. We decompose the larger policy questions posed by the EMF-in-schools
problem into their component parts to help policy makers and stakeholders better understand which factors
drive differences of opinion concerning policy choice. In addition, using the quantitative cost-benefit
EMF_SCHOOL model mentioned above, we demonstrate how sensitive policy choices are to changesin
various scientific or value judgments. Our goal in this document is not to recommend any particular policy,
but rather to illustrate how various policy aternatives would be evaluated under a wide range of
assumptions.

The intended audience for this document is decision makers with responsibility for developing and
implementing relevant policy at the statewide level, including staff at the California Department of
Education, School Facilities Planning Division; General Services Department, Office of Public Construction;
Office of the State Architect; California Public Utility Commission; California Department of Health
Services, State Legidature; electric utilities; and public interest groups. Such groups might use this report
and its companion decision modd to investigate the implications of proposed policies across a wide range of
attributes; examine the effects of various tradeoffs among cost, exposure, mitigation method, and timing;
explore how differences in values and assumptions affect the choice among policies; or assess the impacts of
new knowledge about risk, exposure, and other factors.
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This policy andysisis intended to provide a framework for thinking about a wide (but not exhaustive)
range of statewide policy options for responding to EMF-related concernsin schools. This analysis does
not (i) make an assessment of the level of health risks from EMF, (ii) evaluate the validity of concerns about
such risks, or (iii) identify a preferred solution or solutions. The scientific uncertainties and the differencesin
values and perspective across stakeholders in problems as complex as this make it impossible to
guantitatively derive asingle “best” solution. Instead, recognizing that decision making about such complex
issues involves scientific, social, ethical, economic, and procedura concerns (among others), this anaysis
strives to identify potential aternative policies and evaluate their qualitative and quantitative elements as a
basis for informed decision making.

Some aspects of proposed policy options, such as cost, degree of exposure reduction, and health
benefits, can be evaluated quantitatively using decision analysis tools such as EMF_SCHOOL. The
purpose of this modeling is to estimate bounds on the costs and benefits of aternative management
strategies and to explore how these costs and benefits change under various assumptions. Where
uncertainty exists, as for example about the level of risk or the ultimate cost of exposure mitigation, the
model allows for user input of awide range of input parameters which may reflect expert judgment, a range
of vaues derived from reliable sources, or differences in underlying values. The quantitative model is most
useful, not as a predictor of actual outcomes, but as a means for structured exploration of the policy
implications of different beliefs about EMF risk and/or the feasibility and effectiveness of various potential
solutions. Thus the model provides a setting for improved communication and negotiation among
stakeholders with differing views of the EMF problem. We have used the EMF_SCHOOL model to gain
insight into a number of key questions regarding EMF policy for schools. These findings are reported later
in this document. Individua s wishing to obtain a copy of the EMF_SCHOOL software may do so by
contacting the Cdifornia Department of Health Services.

The policy analyses comprising the rest of this document are organized as follows:
Section 2 (EMF Exposure and School Risks) summarizes current knowledge about magnetic
field levels in California schools, the sources that give rise to these fields, possible biologica
effects of EMF, and other non-EMF health and safety risks in schools.
Section 3 (Decision Makers Goals and Congtraints) frames the analysis in terms that are both
recognizable and relevant to decision makers
Section 4 (Decision Scenarios) focuses the wide range of decision-making concerns onto a
tractable subset of specific scenarios that provide a structure for discussing and analyzing the
aternative policy options
Section 5 (Alternative Policies for Statewide Response) describes arange of policy options that
decision makers could use to achieve the desired outcomes described in Section 3. Some of



© 0O N O 0o A W N P

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

28
29
30
31
32
33

Final Report - September 2001 Managing M agnetic Fieldsin Schools

these options address specific decision scenarios outlined in Section 4, while others relate to all
schools and al situations

Section 6 (Quantitative Model of Fied-Strength Standards) describes the EMF_SCHOOL
model and presents model estimates of the heath benefits and mitigation costs of field-strength
standards for schools.

Section 7 (Options for Funding) presents information about potential funding approaches to
help assess the attractiveness and viability of aternative options

Section 8 (Summary and Conclusions) distills the most important features of previous sections
and synthesizes some overall lessons.

2. EMF Exposure and School Risks

This section provides brief background information on EMF levelsin California schools, prominent
sources of EMFs in schools, the health effects of EMF exposure, and non-EMF risks in schools. More
detailed information on these subjects can be found in reference materials citied below. Much of our
information on EMF levels and sources in California schools comes from an extensive series of
measurements by Enertech Consultants (Zaffanella and Hooper, 2000). Under contract to the California
Department of Health Services, Enertech made a detailed study of 89 quasi-randomly chosen Caifornia
schools. The Enertech investigators measured EMF levels at thousands of points in and around each school
and identified the major sources of magnetic field in each school area (e.g., classroom, playground). In
addition, Enertech estimated the cost of reducing magnetic field levels from each of the sources identified in
the 89 schools. Enertech’s study used a carefully design sampling strategy intended to provide coverage of
schools with and without large power lines, and schools serving different ages and geographic regions. Both
the sampling and measurement protocol employed by Enertech were reviewed by outside parties before
being finalized. Enertech’s calculations of the costs of reducing magnetic fields from various sources are
based on data from previously published reports as well as on information from outside electrical
engineering consultants.

2.1 EMF sources and background levels

In their survey of 89 California schools, Enertech identified dozens of different sources of EMFsin
classrooms, which Enertech classified along two dimensions (external/internal and area/operator) as shown
in Table 2.1 below. Internal and external sources are those located within and outside the school building,
respectively. Operator sources are sources that are used by one individua at a time (the operator) for which
EMF exposure is generally limited to the period of use. Area sources are al sources, both internal and
external, that are not operator sources.
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Table 2.1. Enertech’ s classification scheme for sources influencing EMF exposure in schools.
Some examples are listed for each category.
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Internal sources External sources
Operator Computers, electric pencil sharpeners, fish tank | None
sour ces pumps, task lighting, overhead projectors
Areasources | Net current sources, electrical panels, power Distribution lines
cables, transformers, fluorescent ceiling lights | Transmission lines

Findings of the Enertech study (Zaffanella and Hooper, 2000) that have particular relevance to the current
report are:

Magnetic field levels in classrooms average about 0.5 mG, but vary greatly from classroom to
classroom. Based on the Enertech sample of 89 schools, it is projected that 4-8% of classrooms
statewide (9,000-18,000 classrooms) have average field levels exceeding 2 milligauss. By
comparison, a study of magnetic field levels in a quasi-random sample of 1000 homes nationwide
(zaffanella, 1993), found fields in U.S. homesto be slightly greater (0.6 mG average household)
than fields found in California classrooms, and dightly more variable (15% of homes have average
field levels exceeding 2 mG). Measurements conducted as part of a recent epidemiologic study of
magnetic field exposure and spontaneous abortion in Caifornia found averages of 0.95 mG for
indoor spot measurements in the homes of 506 women controls (Lee et al., 2001). Personal
exposure measurements suggest that the time-average magnetic field exposures of individuals are
somewhat higher than the spatial-average of the magnetic fields in the areas they inhabit. Another
Enertech study measuring 24-hr persona exposure of 1,012 quasi-randomly selected individuasin
the U.S. found time- and popul ation-average exposures of 1.25 mG (Zaffanella and Kalton, 1998).
Personal exposure measurements on a sample of 28 teachers in California schools yielded time- and
population-average exposures of 1.02 mG for teachers working in a school near a 69 kV
transmission line (N=13) and 0.69 mG for teachers working in a school without nearby power lines
(N=15) (Lee et a., 1999). Persona exposure measurements made in conjunction with the
spontaneous abortion study mentioned above found 24-hour time-weighted averages among 483
controls of 1.43 mG. The difference between personal exposure measurements and spatial
measurements may be explained by the fact that the latter do not account for operator sources (e.g.,
electrical appliances, personal computers).

Using data on the fraction of classroom area at or above a given field strength, and applying average
occupancies of 22 students and 1.25 staff to each classroom, we estimate that approximately
16,000 students and staff statewide (about 1% of all students and staff) are chronicaly (i.e., al day)
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exposed to magnetic fields of 5 mG or more at their desk location, whereas another 150,000 are

exposed to magnetic fields of 5 mG or more for at least one period (~50 minutes) per day.

By far, net currents are the largest contributor to the statewide average magnetic field level in
classrooms. Net currents arise when supply and return currents in building wiring take different
paths through the building. In their Table 8.39, Zaffanella and Hooper (2000) estimate that net
currents contribute 70% of the classroom-milligauss above 0.5 mG.>  Distribution lines are the
next most important contributor to statewide average field levels, contributing about 8% of average
classroom exposure above 0.5 mG. Other contributors and their contributions to average field
levels are electrica pands (5%), transmission lines (4%), office equipment (3%), fluorescent lighting
(2.2%), power cables (1.7%), power transformers (1.1%), and air conditioners and heaters (0.3%).

Net currents are also the most common cause of unusualy high magnetic fields in classrooms,
accounting for 76% of the classrooms in which fields exceed 10 mG in at least 5% of the classroom
area. Electrical panels are the next most common cause, accounting for 17% of the classrooms
with fields exceeding 10 mG. Transmission line classrooms (defined as classrooms with
transmission line fields > 0.5 mG in at least 5% of the area) have higher average fields than
classrooms affected by other sources (i.e., having fields from other sources > 0.5 mG in at least 5%
of the area), but the number of classrooms affected by transmission lines is small compared to the
number of classrooms affected by other sources.

2.2 Evidence for EMF hazard

The scientific basis for assessing the health risks from EMF exposure are voluminous and have been
reviewed elsewhere (NIEHS, 1999; NRC, 1999; Portier and Wolfe, 1998; Stevens et al., 1997). Despite
three decades of epidemiological research on EMF hedlth effects, considerable ambiguity exists concerning
what diseases might be associated with EMF exposure. The conclusions of a recent study by the National
Ingtitute of Environmental Health Science are typica of the findings of a number of expert reviews
conducted in recent years:

“ The scientific evidence suggesting that ELF-EMF exposures pose any health risk is weak. The
strongest evidence for health effects comes from associations observed in human popul ations with
two forms of cancer: childhood leukemia and chronic lymphocytic leukemia in occupationally
exposed adults. While the support from individual studies is weak, the epidemiological studies
demonstrate, for some methods of measuring exposure, a fairly consistent pattern of a small,

2 Classroom-milligauss is a simple measure of population exposure obtained by summing over al ranges of
field strength (e.g., 0.5-1 mG, 1-2 mG, etc.) the product of the number of classroomsin agiven range of field
strength and the mid-point field strength for that range (e.g., 1.5 mG for the 1-2 mG range).
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increased risk with increasing exposure that is somewhat weaker for chronic lymphocytic
|leukemia than for childhood leukemia. In contrast, the mechanistic studies and the animal
toxicology literature fail to demonstrate any consistent pattern across studies although sporadic
findings of biological effects (including increased cancersin animals) have been reported. No
indication of increased leukemias in experimental animals has been observed.....” (NIEHS, 1999)

In short, experts that have reviewed the EMF bioeffects literature are uncertain about which, if any,
diseases might be caused by EMF exposure, although the evidence linking EMF exposure to health is more
substantial for some diseases (e.g. leukemia) than for others (e.g. melanoma). The California Department
of Health Services has recently completed its own risk evaluation for EMF. It isimportant to note that the
patterns that have been observed in human epidemiologicd studies reflect levels of individud risk that, if
real, are comparable in magnitude to other health and safety risks for which regulatory agencies have taken
action in the past (Florig, 1992).

This policy analysis does not argue for or against any particular point of view on the likelihood of
EMF-related health risks. Rather, we consider a wide range of possible scenarios, and leave it to the reader
to judge how likely a given scenario islikely to be. Our EMF_SCHOOL model of the benefits and costs of
EMF field-strength standards described in Section 6, for instance, includes 21 different diseases in four age
groups that are plausibly related to EMF exposure, based on literature reports (Sheppard et al., 1998). In
Section 6, we present sensitivity analyses that explore the policy implications of assuming that EMF
exposure is associated with any or al of these diseases.

In reviewing this report, the reader should keep in mind that any estimate of the risk reduction
associated with an EMF exposure management policy are speculative because of numerous compounding
uncertainties in the amount of EMF exposure reduction actually achieved by a given policy, which diseases
are affected by EMF exposure, and the response of a given disease to changes in the EMF environment.

2.3 The “Exposure Measure” problem

There are two major sources of uncertainty in estimating the efficacy of any approach to EMF
exposure management. First, as discussed above, scientists don’'t know whether or not magnetic fields at
levels commonly found in schools are actually hazardous. Second, if magnetic fields are hazardous,
scientists don't know what aspects of exposure are most predictive of risk. EMF exposures are dynamic.
Not only do people move through spatially varying fields, but magnetic fields at any one location may
change from moment to moment as a result of changing electrical loads within the school and on the power
system. Currently available epidemiologic and laboratory studies have yet to identify what function of
someone’s personal exposure history will best predict EMF health risk.  Although time-weighted average
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(TWA) magnetic field exposure has been found to be predictive of risk in some studies, other studies
suggest that changesin field intensity might be important aswell. Still other studies suggest that afield
strength threshold might exist below which there are no effects, or that biological effects might accrue only
for exposures to fields within some narrow range of field strength (i.e. a“window” effect). Dealing with so
many possibilities in a regulatory context is difficult, because actions that reduce one aspect of field exposure
(e.g. the time-weighted average) may have only alimited effect on others (e.g. transient content). Thus, it is
important for policy-makers to adjust downward estimates of risk reduction that are based on any one
measure of exposure, to account for the possibility that other measures of EMF exposure might better
predict risk. Given current scientific evidence, judgments of how large this downward adjustment should be
are highly subjective. Nonetheless, our model provides an adjustment that the user can supply.

Some have pointed out that some mitigation strategies might be more robust than others by reducing
“risk” under awider variety of possible dose measures. For instance, eliminating transmission line fields
from classrooms would be of no benefit if risk is dependent on transient content (rapid changes), since
transmission lines carry few transients compared to other sources. Thus, the argument goes, one would be
better off reducing exposures from other sources with higher transient content. This would make sense if
transients were the only aspect of field exposure other than time-weighted average that might predict risk.
However, there are many aspects of field exposure that are plausible candidates for the best predictor of
EMF risk. If steady exposure to high fields should turn out to be more important than transients, then
eliminating transmission line exposure could be more important than eliminating exposures from other
sources. Because there remain so many possibilities, we argue that the best strategy is to apply a TWA
measure to all sources and lower one's expectations for the estimated risk reduction according to one's
judgment of the odds that some unrelated exposure measure is better. In this regard, we note that TWA
field levels often have significant correlations with many alternative exposure measures when al sources are
taken into account.

Our agpproach differs from that taken by another CDHS-funded policy project described in “ Power
Grid and Land Use Policy Analysis’ by von Winterfeldt and colleagues (von Winterfeldt et al., 2001). That
project (the “Land Use Project”) examined residential EMF exposure, primarily from power lines. The
Land Use project employed three different measures of EMF exposure: TWA, average field above a
threshold, and time above a threshold. We argue that such distinctions are not useful in the schools case for
two reasons. First, in the case of residential exposures to power line fields, populations at risk remain at a
relatively fixed distance from the source of interest. Thus, it is plausible to quantitatively model the effects
of different exposure measures on the risk reductions that would accompany a given mitigation measure.
For the schools case, however, the populations at risk are quite maobile relative to various EMF sources and
there are no data on how school populations move relative to various sources. Therefore, one cannot
meaningfully model the effects of different exposure measures on EMF mitigation in schools. Second, for
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populations that are mobile relative to sources, population risk estimated using a TWA exposure measure
provides a good approximation of population risk using any other exposure measure that is monotonic
(never decreases) with increasing field strength.  Thus, even if we had the mobility data needed to model
non-TWA exposure measures in schools, we would not expect our predictions of population risk reduction
for a given mitigation measure to differ significantly across the different exposure measures.

Some epidemiological studies of the childhood cancer risk of EMF exposure from power linesin
residential areas have found that risk is better predicted by the “wire code’ of the house than by EMF
measurements made inside the house at the time of the study. (The wire code of a house is a scale that rates
the house by the configuration of the local power line and its proximity to the house.) This has prompted
suggestions that EMF management in schools might be based on modifying the wire codes of school aress,
rather than reducing magnetic field levels per se. Thisisabad ideafor two reasons. First, work by
Greenland and colleagues (Greenland et al., 1999) has shown that, when epidemiological studies of magnetic
fields and childhood leukemia are considered as a group, magnetic fields are better predictors of risk than
wire codes.  Second, because studies showing significant correlations between risk and wire code involve
homes and not schools, there are significant uncertainties concerning how well a wire code rating system
would map into EMF risks in schools. Homes with high wire codes aso have larger-than-average magnetic
fields from distribution system neutral-to-earth currents in water and gas pipes. Such currents are a
significant contributor to overal magnetic field levels in homes, but not in schools. Magnetic fieldsin
schools arise mostly from sources that are unrelated to the distribution system. Those fields in schools that
are from distribution systems are primarily fields from overhead wires themselves, not from currents not
returning to the distribution transformer secondaries via the secondary neutral. Although the Enertech 89-
school data show that magnetic fields in classrooms are, on average, higher for some wire codes, wire codes
explain only a small portion (about 1%6) of the classroom-to-classroom variation in magnetic field level. In
our view, there is no reason to expect that wire code would be a better predictor of risks in schools than
some field-strength measure.

In the remainder of this report, we use TWA magnetic field strength to characterize magnetic field
exposure, and we assume that any health risk from magnetic field exposure is proportional to the TWA.
This assumption implies that the population risk from exposing 10 persons to a TWA of 10 milligaussis the
same as the population risk from exposing 100 people to a TWA of 1 milligauss. We also assume that
exposing 10 people al day to 10 mG and another 10 people all day to 1 mG produces the same population
risk asif al 20 people spent half the day in 10 mG and half the day in 1 mG.
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2.4  Comparing EMF and Non-EMF risks in schools

Potential risks from EMF exposure in schools, while of great concern to some, are nevertheless only
one of the many health and safety risks to which children are exposed while at school. These non-EMF
risks are not the primary focus of this policy analysis and are explicitly addressed in only one of the
aternative policy options described later. However, it is useful to have a sense of the relative magnitude of
EMF and non-EMF risks at schoal.

Theoretical EMF Risks. As noted above, epidemiological studies have associated EMF exposure with
avariety of rare and common health conditions. The decision models we have developed allow the decision
maker to assign degrees of confidence of causality and effect sizesto all of these. The NIEHS working
group assigned a “possible cause” to childhood leukemia, one of the rarer conditions. Since thereisa
published estimate of the theoretical population burden and added annual risks among the most highly
exposed children, we will compare this theoretical added risk to other health risks in schools and discuss the
implications of this comparison. In arecent meta-analysis of magnetic fields and childhood leukemia,
Greenland and colleagues concluded that household magnetic field exposures averaging 3 mG and above
convey an additiona annual leukemiarisk 1.7 times that of exposures averaging 1 mG or less (Greenland et
al., 2000). Given background mortality rates for leukemiain California school children of 16 deaths per
million per year (where field levels at home and school average 0.5 - 0.9 mG), annual excess leukemia risks
among those with home exposures averaging 3 mG and above would be roughly 11 deaths per million.

School children spend less than 20% as much time in school asin their home. If, as we assume in our
models, the weighted average of home and school time exposure best predicts disease risk, then the
magnetic fields in schools would presumably convey a smaller excess risk to any given individua than
equivalent fields at home (say 20% of 11 per million per year for leukemia). Note that 1-3% of
classrooms in California (2,700-8,000 classrooms) have spatially-averaged magnetic fields exceeding 3 mG.
Many thousands of other classrooms have at least 5% of floor space (the equivalent of one desk's location)
with fields exceeding 3 mG.

Non-EMF Risks. It isuseful to compare the potentiadd EMF leukemia risks of the most highly exposed
students (perhaps 2 excess deaths per million per year for school-time exposures of 3 mG and above) with
the well-established non-EMF risks that children face. Considering both school and non-school time, the
overall mortality risk for school children is about 250 per one million per year, with automobile accidents
contributing the largest portion. A recent compilation of risks to middle school children (Florig et d., in
press) estimated that annual mortality risks are roughly 70 per million for commuting to/from school, 20 per
million for accidents at school (except sports), 10 per million for infectious diseases contracted at school, 8
per million for team sports activities, and 2 per million for intentional injury (i.e., violence). Thus, even for

10
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those school children exposed to the strongest EMF fields in the classrooms, it seems likely that EMF
leukemia risks would be comparable to or smaller than other school and non-school risks that those children
encounter.

These comparisons of EMF and non-EMF risks in school have implications for risk management that
we discuss in detail later in this report. Briefly, those who subscribe to a “worst risks first” approach to risk
management would argue that effort should be devoted to reducing the larger, non-EMF school risks before
investing in EMF mitigation. Those who advocate using cost-effectiveness to allocate resources for risk
reduction would call for studies of the costs of reducing non-EMF risks, before making any investments to
mitigate risks at schools. Still others, who are more concerned with distribution of the total risk burden
among schools, would argue that resources should go first to those schools bearing the greatest risk from al
sources combined.

Recent studies by Morgan and colleagues (Morgan et al., in press) asked groups of lay personsto
rank 22 different health and safety risksin a hypothetical middie school. Prior to ranking the risks, the
groups were given briefing materials describing each school risk in considerable detail. Although the
hypothetical school was situated near a transmission line, these groups tended to rank EMF risks as less
serious than most of the other 22 risks. This suggests that the public, as a whole, might prefer that non-
EMF risks in schools be addressed before EMF risks.

3. Decision Makers’ Goals

An important element of policy making is the process of understanding and weighing the positive and
negative consequences of alternatives. Thisis often quite difficult, in part because only some consequences
can be quantified in ways that permit straightforward tradeoffs. In the EMF case, for example, the degree of
exposure reduction is more easily quantified than are potential effects on socia discord and conflict (Tables
3.1and 3.2).

Even more challenging is the fact that different stakeholders will perceive positive and negative
consequences differently. What is a benefit to one group of stakeholders may be a negative consequence to
another. Widespread efforts to reduce EMF exposure in schools might relieve the worries of parents
concerned about potentia health effects, be seen as a waste of money by those skeptical of EMF health
effects, and be viewed by school officials as alost opportunity to invest in other school improvements or as
an administrative headache. Such differences often stem from fundamental disparities in core values that are
deeply held and not easily influenced. Thus, economic efficiency may be most important from one

11
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perspective and fair process from another, even at the cost of reduced efficiency. Such value differences
make it unfeasible to rank the costs and benefits of aternative policies in a consistent way that all
stakeholders will agree with. For the decision maker, it therefore becomes impractical to choose asingle
“right” solution through an abstract analytical process or to achieve all goals ssimultaneously and to the same
extent.

The preference of different stakeholders for different goals and the ways in which they approach
tradeoffs depend largely on the value systems and assumptions implicit in each goal. Experienced decision
makers are well aware of the fact that different people have different beliefs, opinions, and values.
However, neither decision makers nor stakeholders themselves are always clearly aware of the way these
differences derive from more fundamental differences in underlying vaue systems. Thus, discussions about
alternative policies can cycle ineffectively if they do not at some point focus explicitly on underlying values.
Doing so provides both decision makers and stakehol ders with the opportunity to examine aternate ways of
meeting these core values, thus lending flexibility to decision making. In addition, as Table 5.8 shows,
different value systems lead to quite different ways of implementing the same policy. Having a conceptual
structure for specifying these differences, and their specific implications for policy making, can improve the
efficiency and effectiveness of decision making by elucidating the source of disagreements and providing
suggestions for bridging gaps between stakeholders' points of view. In general, we believe that decision
making is more effective the more readily it can focus on underlying assumptions rather than on more
superficial disagreements about aternative policies.

The analyses of the policy optionsin Sections 5.2 and 5.4 include an examination of the implications
of each policy for equity, fairness, and environmenta justice. Despite the fact that these factors are
impossible to quantify, they often carry more weight with stakeholders than more quantitative features such
as exposure reduction and cost. Addressing such issues is thus an important goal for decision makers. In
order to simplify the discussion of fairness and justice and make it more directly relevant to decision makers
a the statewide level, we have framed it in terms of the two ends of a spectrum of values, utilitarian vs.
ethical'. (The following discussion is a highly condensed summary of alarge and complex literature on
welfare philosophy. It is not intended to be exhaustive but merely to frame some fundamental approaches to
thinking about key issues relevant to the EMF-in-schools issue.) Utilitarian approaches depend on an
assumption that costs can be measured against benefits in a systematic and objective way, and that the goal
of decision making is to create the greatest benefit for the greatest number of people. In utilitarian
approaches to decision making, the selection of preferred options is therefore based on a comparison of the
relative merits of alternatives. Ethical approaches place greater emphasis on how things ought to be, and on
issues of fairness, equity, justice, and due process. Ethical approaches to decision making often refer to
more ideal standards (such as fairness) and often rate most highly precisely those things that are the hardest
to quantify.

12
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There are many finer distinctions within these two broad categories, for example, between libertarian
justice, which assumes that socia arrangements have to provide for unrestrained interactions between free
individuals, and social justice, which assumes that social arrangements must cater to the disadvantaged
(Davy, 1996). While such distinctions are important in many circumstances (see Section 5.54
Implementation and its effects), for our purposes here we concentrate primarily on the tension between
utilitarian and ethical concepts of decision making. The fundamental difference between these two
approaches explains the conflict between those who bdlieve that cost-benefit analysis should be the basis for
choosing among risk management options for EMF exposure in schools and those who believe that costs
and benefits cannot be captured objectively, that such a quantitative accounting system simply leaves out
too much crucia information, and that quantitative modeling of complex decisions creates barriers to citizen
participation.

Since quantitative decision modeling is a key part of this policy analysis, it is important that we explain
how we believe it fits into the larger set of decision-making issues just discussed. We do not believe that all
aspects of a complex problem such as EMF exposure in schools can be usefully quantified, nor that an
optimum solution can be derived by a calculation of net benefits through cost-benefit analysis. We believe
that differences in perspective and values among stakeholders are authentic. Further, we agree with Davy
(1996) and others that socia stability requires attention to diverse perceptions, the longer-term relationships
among stakeholders, the distributive impacts of decisions, and the process by which decisions are made.
Effective policy making therefore arises from a process of analysis, conflict, discussion, negotiation, and
compromise (Adams, 1996). Decision analysis can make an important contribution to policy making by
providing a framework for systematic analysis that makes explicit uncertainty and differences in values. The
EMF_SCHOOL model described in Sections 6 is a significant step in this direction. The model helps
resolve which assumptions and differences make a difference and which do not, thereby identifying more
opportunities for agreement and compromise.

Tables 3.1 and 3.2 present a set of realistic goals for the outcome (Table 3.1) and process (Table 3.2)
of EMF policy for schools. Each table contains some goals reflecting utilitarian values and some goals
reflecting ethical values. These goals help provide the basis for the discussion of alternative policy optionsin
Section 5 and a subset are analyzed more formally in subsequent sections. The goals presented below are
based on our interviews with managers from utilities and schools (at the local and statewide levels) and
public interest advocates, areview of the EMF literature, and the broader literature on policy and decision
making. Based on this research, we believe that the relative importance of these goals will vary from
situation to situation and across stakeholders. In addition, the way(s) in which policies are implemented has
a significant influence on the degree to which they achieve decision makers' goals (see Section 5.5). Goals

13
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1 inTable 3.1 relate to the tangible outcomes of the policies themselves, and those in Table 3.2 to the
2  process(es) through which policies are arrived at and implemented.
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Table 3.1. .Gods that decision makers might have in developing and implementing policy on the EMF

in schools problem. Goals shown here relate to the tangible outcomes of policies themselves.

Goal Description

Reduce exposure Reduce exposure to EMF and the possible health consequences of exposure. The
relative importance of these goals and the extent to which they might be
achievable depend on how uncertainties about health risks are perceived and/or
resolved.

EMF exposure Reduce exposure to school students and staff independent of proven health risks.

Disease and fatality risk

Reduce incidence of disease (morbidity) and deaths due to reduced EMF
exposure, presuming EMF exposures cause health effects

Minimize costs

Minimize total dollar costs of risk-reduction

Survey and analysis

Costs of diagnosing the situation and deciding what to do

Engineering and
construction

Costs of modifying electrical transmission and distribution facilities, and
internal sources, including design, engineering, construction, materials, and labor

Adminigtrative Costs of administrative staff time and expensesin schools, local and state
government, and legal costs
Costs associated with making changes to the institutional infrastructure

Lega Costs of litigation, liability insurance, liability judgments, delays dueto litigation
and/or fear of litigation

Healthcare Costs of healthcare for those with diseases linked with EM F exposure

Miscellaneous social
costs

Costs of shutting down power lines for modification, of decreased

reliability of power lines from certain mitigations (e.g., tighter phase packing), of
disruption to school budgets and functioning from surveying and fixing interna
Sources.

Maintain quality of
education

Minimize disruption due to change in preferred usage patterns of classrooms and
playgrounds to achieve exposure reduction

Do not undermine funding of basic educational programs

Minimize the diversion of student and school staff time and attention to EMF
issues from educational activities

Distribute risks equitably

Distribution of risks among individuals, groups, subpopulations, schools, and
school districts.

Within schools

Do not exacerbate any existing inequities in distribution of exposuresto EMF
and other possible hazards to individuals or groups within a school
Equalize residual EMF exposures across individual s within a school

Between schools

Do not exacerbate any existing inequities between schools and school districtsin
distribution of exposuresto EMF and other possible hazards
Equalize residual EMF exposures across schools

Between groups

Do not exacerbate any existing inequities between ethnic and socioeconomic
groups in terms of distribution of exposuresto EMF and other possible hazards

Distribute costs equitably

Distribution of costs among individuals, groups, subpopulations, schools, and
school districts

Within schools

Do not exacerbate any existing inequitiesin distribution of explicit and implicit
mitigation costs among individuals or groups within a school

Between schools

Do not exacerbate any existing inequities between schools and school districtsin
distribution of explicit and implicit mitigation costs

Between groups

Do not exacerbate any existing inequities between ethnic and socioeconomic
groupsin terms of distribution of explicit and implicit mitigation costs
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Table 3.2. Goals that decision makers might have in devel oping and implementing policy on the
EMF in schools problem. Goals shown here relate to the process(es) through which policies are
arrived at and implemented, as distinct from outcomeslisted in Table 3.1

Goal Description

Minimize socia discord and conflict Address public attitudes and perceptions that may lead
to conflict among and between individuals and
organizations

Reduce parental and staff worry The degree to which parents of school children are

worried about their exposure to risks of EMF

Build and maintain public confidencein Effects on public confidence in risk management
leadership and institutions institutions in business and government
Obtain public support of policy Public participation in the policy development and

implementation processes (environmental justice)

Ensure clarity of policy Ease of public understanding of what the policy options
are and how they will work

Promote fairness

Within schools Avoid unfunded mandates
Public involvement efforts should have an identifiable
influence on the outcome of any policy actions under
review

Between schools Compensatory justice approaches for prioritizing
implementation among schools

Between groups Compensatory justice approaches for choosing who
should pay
Ensure opportunities for equal accessto decision-
making process

Effectiveness Apply best available information in decision making

Openness Disseminate information equally to all parties

16
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4. Risk Scenarios and Decision Settings

As the preceding and subsequent sections make clear, there is a wide range of decision-making
concerns and an equally wide array of potential policy options available to address these. Each option can be
implemented in a variety of ways, each with different impacts on cost and perceived fairness. Because the
number of possible policy options are so large, analyzing every plausible permutation of goals, options, risk
scenarios, and implementation pathways is infeasible. We have therefore described a set of representative
risk scenarios and decision settings that provide a practical structure for organizing the discussion of policy
options and the presentation of modeling results.

These scenarios can be helpful to users of this policy analysisin two further ways. First, the strength of
belief in the various risk scenarios (Section 4.1) can help guide the user to one or another of the options
most suited to that judgment about risk (see Table 5.1 and Table 5.7). Second, and in a similar way, the
decision settings (Sections 4.2 - 4.5) can focus attention on the portion of the overal problem that is of most
direct interest to them. Thiswill help decision makers choose among the policies described in Section 5,
and provides a context for interpreting the modeling results (Section 6).

4.1 Risk scenarios

The original problem statement for this policy analysis in the RFP laid out four possible outcomes of
ongoing research on potential EMF health effects. The purpose of establishing such a starting point was to
ensure that the policy analysis' results would be useful in evaluating alternative policies under a range of
possible future situations. The four risk scenarios were:

Hazard identified; dose-response understood
Hazard identified; dose-response not understood
Present uncertainty persists

A DR

Non-EMF confounder explains away epidemiological findings.

It is not the purpose of this analysis to estimate the likelihood that one or another of these scenarios will
take place or the time period in which this might happen. Rather, the policy analysisis designed to provide
useful results that will support decision making across this entire range of outcomes. In particular, the
guantitative decision models permit a user to choose the degree of uncertainty about risk and the timeframe
within which they think such uncertainty might be resolved. This enables users to explore the implications
and consequences of different assumptions about how the risk scenarios will be resolved.

Each of the policy options outlined in Section 5 is linked to one or more of these risk scenarios. Some
options address only one risk scenario, while others cut across several.

17
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4.2 Building a new school

There are severa state agencies responsible for the review and approval of site planning, state-assisted
financing, design, and construction of new schools. The California Department of Education (CDE) reviews
and approves new school sites and additions to school sites that are paid for with state funds. The School
Facilities Planning Division (SFPD) of CDE is responsible for ensuring that school districts applying for state
schoal building funds comply with State Allocation Board policies regarding site acquisitions as outlined in
the Applicant Handbook: Lease-Purchase Law of 1976. The SFPD has published another handbook,
School Site Selection and Approval Guides, to assist school districts in sdlecting and gaining approval for
new school sites. SDE approval of school sitesis a normal prerequisite for state funding by the Office of
Public School Construction. Given an average enrollment growth of about 63,000 students per year
statewide and an average student population of 700 students per school (CALIF_DEPT_EDUC, 1997), the
expected new school construction in California can be expected to be about 90 schools per year, of which
about 75 would be elementary schools.

Among other things, the School Ste Selection and Approval Guides addresses the location of new schools
in relationship to high voltage power transmission lines, setting minimum distances for the location of the
edge of school sites (not buildings) from high voltage transmission line easements. Minimum distances from
power lines were originally established to guard against the risk that transmission towers would topplein
earthquakes. While this risk has been effectively removed because of improved designs, these distances
were increased in 1994 to additionally address concerns about EMF exposure and at that time were
incorporated into Title 5, Section 14010 of the California Code of Regulations. The current distance limits,
which are based on electric (not magnetic field) distributions, are:

100 feet from the edge of easement for 50-133 kV line. In the Enertech 89-school database, the

magnetic field at 100 feet from the 30 lines of this voltage ranges up to 6 mG.

150+ feet from the edge of easement for 220-230 kV line. In the Enertech 89-school database, the

magnetic field at 150 feet from the three lines of this voltage ranges up to 2 mG.

350 feet from the edge of easement for 500-550 kV line. The magnetic field at this distance ranges
up to 10 mG (Sendaula et a., 1984).

The guide encourages selection of sites that meet these limits both at present and in the future. It thus
advocates discussions with utility companies during the planning process to inform school officials
concerning future utility plans to increase either voltage or the number of transmission structures on the
easement. The guidelines, including the distance limits, are now part of the Education Code, Title 5, and as
such are aregulatory requirement. However, there are two ways in which these guidelines might be avoided
or set aside. First, schools that are financed with local, as opposed to state, funds need not apply to the CDE
for site approval. While locally financed schools that do not comply with the guidelines might be subject to
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penalty in the future, there is no systematic program to audit locally financed sites nor is there a clearly
defined set of penalties that apply to such situations. Second, school districts can appeal to the State
Allocation Board, the parent agency of the Office of Public School Construction, for a waiver from the
conditions in the guidelines. They may do so when even the most favorable of the available sites does not
meet al the conditions. In such cases, the Allocation Board, which disburses funds, has occasionaly granted
waivers to the transmission line distance limits.

With the exceptions noted above, implementation of the site selection guidelines eliminates situations
involving new school siting near utility transmission lines. There are factors that may limit the effectiveness
of the guidelines, however, including:

changes to utility power lines after construction of the school, such as the addition of extra circuits
that carry additional current.

addition of new transmission and high current distribution lines close to the school. Thereis no
paralel requirement of the California PUC that requires utilities to observe the distancesin the
School Site Selection and Approval Guidelines

inconsistencies in actual field strength in school buildings resulting from the application of a standard
distance criterion that pertains only to the edge of the school site, not to the buildings themselves
the fact that most health concerns are related to magnetic fields while the siting guidelines are based
on eectric fidds.

In addition to site approval by the SDE, the Office of the State Architect has authority for checking
building plan compliance with the State Building Code and the State School Construction Guiddines
contained in Title 24. Schools that do not receive approva from the State Architect's office are not digible
for state construction funds. This provides a very real incentive for compliance with the Guidelines. The
suitability of proposed school sites and plans is evaluated, negotiated, and resolved through discussions
among the State Architect’ s Office, the Department of Education and other involved parties (e.g., school
districts, developers and other land owners, local architects and engineers).

4.3 Building/modifying a power line
This decision setting pertains to the construction of new transmission facilities and the significant

modification of existing ones. As described in Southern California Edison’s EMF Design Guidelines for New
Electrica Facilities, “New facilities will include, among others, additions, reroutes, rebuilds, and upgrades,
such as reconductoring. These changes are commonly a part of capacity additions. It is not intended that the
provisions of this guide ... be applied to projects ... that are of small magnitude.” It can be debated whether
actions such as reconductoring should be classified as new facilities or modifications to existing facilities. We
define this decision setting broadly to include all significant modifications to the transmission and distribution
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network, whether due to completely new construction or modifications of existing facilities. Where
appropriate, we make finer distinctions in the description and analysis of specific policy options.

The State Constitution (Article X1, Section 6) gives the California Public Utilities Commission (CPUC)
authority to regulate the siting and construction of new investor-owned (as opposed to public, or municipal)
electrical facilities. Generaly, the CPUC issues permits for transmission lines and substations that are either
not otherwise explicitly provided for in loca franchise agreements, or exceed a certain voltage or connect a
new power source to the utility grid. The CPUC does not typically become involved in decisions pertaining
to individua distribution lines. The recent deregulation of the utility industry and the creation of the
Cadlifornia Energy Commission (CEC) has created an additional decision-making body. The CEC is
responsible for issuing certificates of need for new generating facilities. Once a certificate is issued, it
automatically substantiates the need for a transmission line to link the new generating station to the power
grid. The CPUC then becomes involved in permitting the location of the transmission line. In general, the
CEC isthe lead agency on new generation and the CPUC on existing generation facilities. For example, the
CPUC would be the lead agency on a new transmission line related to an existing generating facility and the
CEC would have no jurisdiction in this instance.

Although none of the major decisions of the CPUC related to EMF have dealt directly with EMF in
schools, severa decisions indirectly affect schools. These are:

Order Instituting I nvestigation (91-01-012) which identified the EMF-related issues the CPUC
intended to investigate and the goals it desired to achieve. This Order formally began the CPUC's
“investigation of its potentia role in mitigating possible hedth effects of electric and magnetic fields created
by electric utility power systems.” It also describes arange of strategies the CPUC might take in response to
information about the potential health risks of EMFs. The Order aso states that, “ The appropriate agency to
define the research needed to support such a conclusion [i.e., that a health hazard actually exists], to
determine the status of current research, and to determine whether a scientific consensus exists about the
nature of the public health risk, is a public health agency such as the Department of Health Services.”

Decision 93-11-013 which 1) established no cost / low cost mitigation for new transmission and
distribution lines and substations; 2) defined the upper range of low cost as four percent of total budgeted
project cost ; 3) established a process and timeline for developing utilities' individual no-cost, low-cost EMF
design guidelines for new and upgraded transmission projects; 4) authorized continued workplace EMF
measurements; 5) authorized afour-year EMF education program with a budget of $1,489,000 and a
research program with a budget of $5,600,000. This decision aso stated that, “DHS is the appropriate
agency to inform us as to the type of public health risk, if any, connected to EMF exposure and utility
property and operations.”
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General Order 131 D which exerts jurisdiction of the PUC over utility lines of 50 kV and above, and
lesser voltage lines if it determines this is necessary. It is not entirely clear what would happen in a situation
where alocal franchise agreement incorporated conditions that would be perceived as more limiting than the
CPUC review and/or its prior decisions on EMF.

Kramer-Victor Decision (90-09-059) includes permit conditions the CPUC attached to construction
of a220 kV transmission line. These give a genera indication of past practice, which some view as
precedent setting for future projects. The conditions required the utility to choose the routing option furthest
from people when choosing among options of equivalent cost and to notify people about EMF and their
exposure. The decision also made the finding that EMF health risks are too speculative to assess in CEQA
documents, noting that the CPUC has other authority under which it can manage EMF.

In most cases, low-cost and no-cost EM F mitigation measures are incorporated into new transmission
lines, using the 0 — 4 percent guideline established in CPUC Decision 93-11-013. As described in the
definition cited at the beginning of this section, additions, reroutes, rebuilds, and upgrades, such as
reconductoring are considered “new” and therefore subject to the four percent rule. However, if there are
no low-cost measures suitable for a specific transmission line, then utilities are not required to implement
high-cost EMF mitigation measures.

Although some municipa utilities voluntarily conform to decisions and policies of the CPUC related to
EMF, for example, the adoption of low field design guidelines for transmission and distribution, they are
bound to the requirements of the Municipal Utility District Act (Public Utilities Code of the State of
Cdlifornia, Division 6) and local franchise agreements. A municipal utility’s service territory can include
more than one local government entity, for example a combination of cities and one or more counties.
Generaly speaking, municipal utilities enjoy somewhat more flexihility than investor owned utilities because
the rule-making process is less formal than the CPUC’ s and their decision making is not necessarily
susceptible to statewide scrutiny. However, they may also have to meet a wider range of local requirements
as there is no statewide agency acting to set common standards.

A key feature of this decision setting is that there are no siting guidelines or congtraints that match the
siting guidelines for new schools enforced by the Department of Education (see Section 4.2). On occasion,
power lines and/or substations have therefore been approved and constructed adjacent to existing schools at
distances that would have been a violation of the CDE’s siting guiddines if the situation had been reversed
(i.e., building a new school near an existing power line). The statewide impact of this inconsistency in siting
policy is probably small because the overall rate of construction of new power lines and substations in
Cdiforniaislow. For example, between 1987 and 1996, transmission line construction averaged 161 miles a
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year, statewide, with alow of 0 miles and a high of 513 miles. Similar information on planned future
construction is not available. However, Southern California Edison plans to construct less than 2 miles per
year of new transmission lines from 1998 through 2003, with equally minor amounts of upgrades and
relocation of existing transmission lines.

4.4  Existing schools and existing power lines

Existing transmission lines are those not covered by CPUC Decision 93-11-013 or General Order 131D
and therefore not subject to either EMF mitigation requirements or formal CPUC review. While recognizing
that there is concern about potential health effects of EMF, the CPUC in Decision 93-11-013 determined
that scientific evidence did not yet warrant specific policies regarding existing lines. As aresult, thereis no
formal decision-making structure that assists schools in addressing concerns about EMF exposure from
exigting transmission lines.

There are about 7900 public schools in the state. About 12-18% of these schools are on property that
lies within 100 feet of atransmission line (CALF_DHS, 1996; Zaffanella and Hooper, 2000). All school
properties have distribution lines nearby, from which they draw their electrical service. Despite the large
fractions of schools near transmission and distribution lines, the fraction of classrooms with significant fields
levels from power linesis quite small. For instance, Enertech estimates that only about 0.05% and 0.5% of
the classrooms in the state have spatialy-averaged fields greater than 2 mG from transmission and
distribution lines, respectively (Zaffanella and Hooper, 2000) .

Transmission and distribution lines in close proximity to schools have occasionally raised concerns
among parents and school staff about potential health risks to school children. However, as mentioned
above, there is no regulatory structure that specifically addresses these situations. Each school district is
responsible for the children in its care and for enforcing, on its own, relevant health and safety, building
code, and other regulations. Unlike the workplace, where CalOSHA has statutory authority to regulate
health and safety concerns, there is no agency with analogous statewide oversight and enforcement authority
over such concerns in schools where children are involved. However, Cal OSHA's authority does provide an
avenue for addressing EMF concerns where school staff are involved (although occupationa standards for
EMF are far higher than the levels typically encountered in schools). To the extent that student and staff
exposures are similar, this provides an indirect pathway for dealing with students' exposures. Thus, local
decision makers can respond in a variety of ways when concerns arise in this decision setting.

Individual schools and school districts can request EMF surveys from their local utilities, under CPUC
Decision 93-11-013 and the existing policies of most municipal utilities. However, they must themselves
arrange for any additional survey or engineering studies needed for more in-depth investigation. They must
also pay mitigation costs out of their own budgets. When asked by the local health department, CDHS may

22



© 0 N O 0o b WODN PP

00(AJ00gOOQJOOQJNNNNNNNNNNI—‘HI—‘HI—‘HI—‘HI—‘H
~N O O W NP O © 0N O O WN P O O 0w ~NO o W N PP O

Final Report - September 2001 Managing M agnetic Fieldsin Schools

provide additional information and technical support. However, this has occurred in only a handful of cases.
In avery few cases, individual schools have recelved extensive assistance from utility staff in dealing with
unique situations, some involving apparent clusters of health problems. This decision setting is thus
characterized by large variability at the level of individual school districts in the way concerns about potential
health risks are addressed.

4.5 Internal sources

A detailed data summary and analysis of fields from internal sources can be found in the Enertech
report (Zaffanella and Hooper, 2000). Internal sources in schools fall into two categories. operator sources
and area sources. Operator sources are stand-alone pieces of equipment like appliances and video terminals,
in which the magjor exposure concern is to the person who is actualy using (operating) the source. The
Enertech database contains a lengthy list of types of operator sources found in the surveyed schools. Area
sources by definition are everything that is not an operator source. Power lines are area sources, but are not
internal sources. Internal area sources include, for example, net currents, power supply cables, transformer
vaults, distributed ceiling lighting, electrica closets, and subpanels.

As described in Sections 2.1 and 6.7.1, the Enertech study (Zaffanella and Hooper, 2000) found that
internal sources are the dominant contributors to classroom average fields statewide, even when just
considering classrooms with average fields greater than 5 mG (although, for schools situated near
transmission lines, there are cases in which the transmission line fields are the dominant source of € evated
classroom field levels). For instance, using the field criterion of 5 mG, 93% of the classroomsin this
category are due to internal sources while only 7% are attributable to transmission lines. If 0.5 mG is used,
then 87% are attributable to internal sources, 11% to distribution lines and only 2% to transmission lines.

There are no regulations or voluntary guidelines that bear on EMF exposure from operator sources at
field levels relevant to schools, except the voluntary EMF guidelines from Sweden that some manufacturers
of video display terminas (VDTs) have adopted. The most pertinent existing regulation is the National
Electrical Code (NEC) which specifies how circuits are to be wired to minimize risk of electrical shock, fire,
and damage to electrical equipment. All internal area sources are covered by the NEC, but the code is
relevant to EMF mostly for net currents. This is because the most common cause of net currentsis an NEC
violation such as connecting the neutral wires of multiple circuits together at a point other than a subpand.
In fact, as noted in Section 2.1, the Enertech study found that the single most common source of elevated
fields in school areas occupied by pupils, teachers, and staff was net currents due to improper wiring. Most
(80%) of the improper wiring congtituted violations of the National Electrical Code. While the State
Architect's office reviews plans for new schools to ensure that these comply with the California Building
Code requirements for earthquake safety and the Americans With Disabilities Act, it isimportant to note
that there is no regulatory regquirement that schools comply with the provisions of the NEC, nor is there any
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mechanism for inspecting schools after they are built to determine if they were built with or remainin
compliance with the Code.

Recent policies mandating reduced class sizes in California schools have in some cases required the use
of portable classrooms to accommodate the need for additional classrooms. There have been some concerns
expressed that portable classrooms might have higher fields because heating and air conditioning systems, as
well as the power conditioning equipment associated with these facilities are typically mounted directly on
the exterior of the unit. Other concerns have focused on the possibility that portable classrooms might be
situated close to the school property lines and therefore have higher EMF exposure from transmission or
distribution lines adjacent to school property. Enertech’s measurements of magnetic field levelsin portable
and regular classrooms, however, show that regular classrooms have dightly higher magnetic field levels
than portables. Spatially-averaged fields in regular and portable classrooms are .56 mG and .49 mG,
respectively. Ninety-fifth percentile fields are 1.35 mG and 1.19 mG, respectively.

Portable classrooms aside, older schools in genera are more likely to have elevated fields from internal
sources. According to the Enertech survey results (Figure 8.34 in Zaffanella and Hooper 2000), median
classroom fields for schools in the lowest SES category are about 0.25 mG higher than the median field for
all other SES categories combined. Thisis partly because wiring hardware and practices have changed over
the years, but more commonly because old schools have had many modifications done to their wiring, and
those modifications are often miswired in such away as to produce a net current source. Although new
schools have fewer such problems, they are not immune to the accumulation over time of wiring
modifications and resulting increases in internal fields from this source. Given that the marginal cost of
control increases with decreasing field strength, the most cost-effective opportunities for exposure reduction
will be found at low SES schools.

Currently there two sources of information about measures that could be incorporated into building and
electrical codes as low EMF design features for schools. These are the EMF Checklist for School Buildings
and Grounds Construction (CALIF_DHS, 1999) and a video on wiring errors in schools, both produced by
the California EMF Program.

5. Alternative Policies for Statewide Response

There are a variety of ways in which decision makers could achieve the goals described in Section 3.
This section describes and analyzes a range of sample policy options that can help achieve these godls.
These options cover categories of policies likely to be considered under the different risk scenarios. In
addition, the CPUC has stated explicitly that, depending on the nature of future information about risks from
EMF, it “may change its existing rules, regulations, and policies regarding the operation, design, construction
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or siting of electric utility power facilities ... and will consider whether additiona research should be
undertaken or funded by Californiainvestor-owned utilities’ (Oll 91-01-012).

The options described here respond to this charge and include technol ogy-based standards or
guidelines, modifications of existing processes, and procedures for informing stakeholders and involving
them in decision making. Some options address specific decision scenarios outlined above (Sections 4.2 -
4.5), while others relate to al schools and al situations. In general, we identified options that represent a
variety of different approaches (e.g., health-, cost-, equity-based) and address a range of sources (i.e.,
transmission, distribution, internal). In any particular instance, the option(s) selected for consideration, and
the ong(s) finally selected, will depend on perceptions of the likelihood of various risk scenarios (see Section
4.1), the specific setting (see Sections 4.2 - 4.5), and the way decision makers resolve the inevitable
conflicts among their goals. In addition, the particular pathway(s) chosen for implementation will
significantly impact the distribution of costs and risks and therefore the perceived fairness of any option. As
aresult, it is not possible to define, ahead of time, a set of preferred options for specific situations. Instead,
we present a discussion of the strengths, weaknesses, and implications of each option as an aid to decision
making. In general, our discussion addresses the topics outlined in Box 1, and is separated into descriptions
of the individua options followed by analyses of key cross-cutting issues such as cogt, risk reduction, and
adminigtrative feasibility. We identify where agencies existing authority provides a basis for implementation
but stop short of discussing more detailed issues of compliance and enforcement.
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Box 1. Topics Addressed in Description and
Analysis of Policy Options
Title
Description
Technical considerations
Relationship to existing authority and authorizing agency;
need for new authority
Implementing agency
Relationship to existing EMF and analogous policies
Key uncertainties
Administrative effort
Source of funding (if applicable)
Potential for exposure/risk reduction (if applicable)
Costs
Implications for fairness / environmental justice
Implications for liability and potential litigation

Adaptability to future changes in knowledge

Relationship to other options

We divide the policy options into two broad categories - those intended to directly reduce risk (e.g.,
field standards) and those that indirectly may reduce risk by improving information quality and its
availability, strengthening communication processes, or changing procedural aspects of decision making. Of
the 13 options presented, 10 apply to both internal and external sources, one applies to external sources
only, one appliesto internal sources only, and one applies to siting both schools and power lines. Policy
options considered vary in scope from narrow (e.g., enforcing some provisions of the National Electrical
Code) to comprehensive (e.g., statewide program to reduce al health and safety risks in schools). Thus, the
implementation steps needed to put each policy in place vary greatly from option to option. In any specific
situation, policy options might be combined or implemented in sequence to achieve certain outcomes, since,
except for the first (Eliminate Existing EMF Programs), they are potentially complementary. In fact, as
discussed below (Section 5.4 Implementation and its Effects), under certain risk scenarios various exposure
reduction options would probably be implemented in tandem with communication and procedural options
that would help the exposure reduction policy proceed more smoothly.

For each option, there are in addition many possible variations based on alternative pathways for

implementation (Section 5.5) and/or funding (Section 7). In particular, we recommend that readers see
Section 5.5 for frameworks for combining and/or sequencing the various options. The descriptions in this
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section therefore present the essential features of each policy option. They are not intended as exhaustive
descriptions of every possible combination of hazard scenario, decision setting, specific option,
implementation pathway, and funding mechanism.

5.1 Exposure reduction options

The existing school siting guidelines assure consideration is given to a number of siting criteria. Among
other things, the guidelines serve to keep new schools away from existing electric transmission lines. There
are, in addition, other statewide policies that can affect the exposure to EMFs within schools and decisions
about how to manage risk and exposure reduction policies. The National Electrical Code specifies
construction and wiring standards that, when followed, largely prevent exposure from internal area sources.
General Order 131-D of the California Public Utilities Commission provides a regulatory basis for permitting
transmission lines larger than 50 kV and CPUC Decision 93-11-013 sets out specific mitigation,
informational, and research palicies. The California Environmental Quality Act (CEQA), and the CPUC's
policies for implementing it, furnish review procedures that could be used to address concerns about EMF.
Finally, the California EMF Program has produced the EMF Checklist for School Buildings and Grounds
Construction (CALIF_DHS, 1999), which contains many low-cost and no-cost mitigation measures.

Despite the number of policies relevant to EMF in generd, the school siting guidelines represent the
only statewide policy that has been enacted to focus specifically on managing or reducing exposures to
EMFsin schoals, from either externa or internal sources. This leaves open for debate potentialy
contentious situations in three of the four decision settings described above (Sections 4.2 - 4.5), such as the
construction or upgrading of power lines near existing schools, concerns about exposures at existing schools
near existing power lines, and internal sources.

In Sections 5.1.1 through 5.1.8, we present eight policy options that could help structure decision
making in the three decision settings mentioned above. While the first (Eliminate EMF Programs) treats the
situation in which EMFs could be disregarded entirely, the remaining options consider strategies that assume
the existence of risk or potential risk from EMF exposure. Table 5.1 shows the distribution of the aternative
policies across the hazard scenarios and decision settings defined in Section 4.
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Table 5.1. Distribution of the eight exposure and potential risk reduction options* acrossthe
risk scenarios and decision settings defined in Section 4. While cost options are relevant across

a gradient of settings and scenarios, we show the most likely application to highlight

distinctions among the options. Section numbersin parenthesesrefer to the report sections
where each option is described.

Risk Scenarios
Decision Settings |Hazard and Dose Hazard and Dose Hazard Uncertainty |NoHazard
Response Understood |Response Not Persists
Under stood
New School Field Standards (5.1.4) |Field Standards Status quo (5.1.2) Eliminate Programs
Personal Standard Tech. Standards (5.1.1)
(5.1.5) Enforce Electrical
Tech. Standards (5.1.6) |Code (5.1.7)
All Risks (5.1.8) All Risks
Build or Upgrade Field Standards Prohibit Increases Status quo Eliminate Programs

Line Personal Standard (5.1.3) Prohibit Increases
at Existing School | Tech. Standards Field Standards
All Risks Tech. Standards
All Risks
Existing School and |Fied Standards Prohibit Increases Status quo Eliminate Programs
Power Facilities Personal Standard Field Standards Prohibit Increases
Tech. Standards Tech. Standards
All Risks Enforce Electrical
Code
All Risks
Loca and Interna Field Standards Field Standards Status quo Eliminate Programs
Sources at School Personal Standard Tech. Standards Enforce Electrical
Siteor in Buildings | Tech. Standards Enforce Electrical Code

Enforce Electrical Code
All Risks

Code
All Risks

* References to sections with policy descriptions are shown in parentheses at the first appearance in the

table.

5.1.1 Option 1: Eliminate existing EMF programs

This option is areturn to construction and operation of schools and nearby utility facilities without

regard for EMF exposures. This policy would be relevant under risk scenario #4 in which a non-EMF factor
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explains the epidemiological findings. As aresult, a clear scientific consensus would hold that EMF exposure
presents no known risk. Eliminate Programs could apply in all four decision settings.

Existing policies and programs that directly or indirectly address public concerns about EMF in schools
would be amended. For example, the State School Ste Selection and Approval Guide would be revised by
the Schools Facilities Planning Division to remove provisions for minimum distances between school
property and electric transmission lines except as they affect electrical (as distinct from EMF) safety. The
Legislature would remove references to these distances from Title 5 of the California Code of Regulations
and replace them with the older minimum distances based on hazard from toppling transmission towers.
Similarly, the Office of the State Architect would discontinue ng compliance with such guidelinesin
its review of school building plans. The CPUC would reverse its interim decision 93-11-013. Electric utilities
would discontinue providing EMF measurements to schools. Both utilities and the CPUC would cease
considering EMF field design guidelines, from the perspective of potential health risks, in the construction of
new transmission and distribution facilities. Finally, the California Department of Health Services would no
longer consider potential EMF risks in its risk assessment and management efforts.

These actions would also include communication by the California Department of Health Services and
other agencies explaining to concerned stakeholders, primarily parents and school officials, the reasons for
removing existing EMF-related policies. Ongoing support would be needed during a transition period in
which schools, utilities, and loca health agencies may face concerns ssemming from residual uncertainty.
These communication and support activities would help develop understanding of and support for the
decision and reduce the potential for conflict.

The actions required to implement this option fall well within the existing authorities of the agencies
involved (i.e., Legidature, California Department of Education, Office of the State Architect, CPUC, and
the California Department of Health Services). Little or no additional funding would be needed. Overall
risk management in schools may improve if the attention and resources previously devoted to the EMF issue
are freed up to deal with other risks to children and staff.

5.1.2 Option 2: Status Quo - Continue existing programs

The Status Quo option would continue existing EMF programs and policies. This policy is relevant
under risk scenario #3 in which the current state of uncertainty about EMF risks persists. As Table 5.1
indicates, this option applies to al four decision settings. It could be elected either intentionally or simply by
inaction.

The existing situation is characterized by a variety of structured and ad hoc policies, programs, and
decision making about EMFs in schools. These are described in detail in Sections 4.2 - 4.5. The Schools

29



© 0 N O O b~ WODN PP

wwgwwwwNNNNNNNNNNI—‘HI—‘HI—‘I—‘I—‘I—‘I—‘H
o Ol W NP O © 0 ~NO O D W NP O O 00w ~NO o W N P O

Final Report - September 2001 Managing M agnetic Fieldsin Schools

Facilities Planning Division of the Department of Education implements the Sate School Site Selection and
Approval Guide (school siting guidelines). While these are based on electric, rather than magnetic, fidds,
they are an accepted part of the current management and regulatory system. However, they could be
modified to deal with magnetic instead of electrical field levels. CPUC decision 93-11-013 required
investor-owned utilities to provide measurements upon regquest, free of charge, at residences and
workplaces. Workplace has been interpreted to include schools and some schools have taken advantage of
this service. In addition, there is widespread use of low-cost, no-cost field reduction measuresin new utility
construction, in accord with the provision of CPUC decision 93-11-013 to spend up to 4% of new project
costs on reducing EMF fields. In deciding where to target these funds, hospitals, schools, and residential
neighborhoods were given first priority in the EMF design guidelines developed by each utility. Further,
severa research projects have been completed that focus exclusively on schoals:

adrive-by survey of school proximity to electric power lines

development of a decision analysis framework for evaluating policy alternatives (this project)

exposure assessment to study sources of EMF exposure in public schools (Enertech project)

research on minimizing EMF in school design which resulted in the publication EMF Checklist for

School Buildings and Grounds Construction (funded through the national EMF RAPID program).

Apart from these activities, few efforts of the California EMF Research and Information Program,
CPUC decisions regarding EMF, and utility and other programs, have targeted the needs of schoolsin a
consistent way and on a statewide basis. One notable exception is a utility that contacted all school districts
in its service area to make them aware of the availability of utility EMF measurements and information. An
advisory on siting portable classrooms on school campuses has also been distributed by the Department of
Health Services. Finaly, a handful of individual schools have received sometimes extensive assistance from
the CDHS and utility staff in dealing with unique situations, some involving apparent clusters of health
problems.

There are some elements of statewide consistency in the status quo. Most utilities provide school
survey measurements, there is a set of uniform siting guidelines for new schools, and there is widespread
consideration of low cost measures to reduce EMF in new construction. However, the siting guidelines
apply only to new school construction and utility surveys typically do not furnish the detailed assessment
data needed to design and implement effective mitigation strategies. Representatives of individua school
districts have described the difficulty in obtaining adequate background information about the EMF issue
and potential mitigation strategies and have identified the lack of authoritative guidance as an obstacle to
decision making. Thus, particularly for those decision settings involving existing schools, the status quo is
characterized by large variability in treatment of potentia health risks from EMF in schools across the state.
In some cases, conflicts originating from concerns about health have resulted in detailed analysis, actions to
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minimize exposure, and/or litigation. In other cases, EMF exposure in schools has been a low-priority issue
with the result that little is known in these instances about EMF sources and exposure.

The Status Quo option specifically includes important components of await and see strategy, all based
on the acknowledgement that current policies might need modification as more information becomes
available. The interim CPUC Decision 93-11-013 set policy regarding new facilities but held existing
facilities under advisement, without specifying a policy to deal with them. By keeping this issue open, the
CPUC was in effect adopting a wait and see approach to thisissue. In addition, decision 93-11-013 (Section
5.4.2) putsin place a key part of await and see strategy by identifying the California Department of Health
Services as the agency responsible for performing and monitoring research, interpreting findings, and
disseminating information to stakeholders.

By definition, the Status Quo option depends on existing authorities and sources of funding. It is not,
however, a static situation because improved information being developed by the EMF Research Program
about exposures in schools and about the costs and benefits of mitigation and other options have the
potentia for improving the cost effectiveness of exposure reduction efforts.

5.1.3 Option 3: Prohibit increases in EMF exposures from power lines near schools

Under this option utilities would be prohibited from increasing average and/or peak current loading on
existing transmission and distribution lines within a certain distance of existing schools. Alternatively, utilities
could be required to modify existing lines to keep magnetic fields on school grounds below historic levels,
regardless of line loading. This policy would apply only to existing lines and substations and to upgrades
along existing corridors. It falls under risk scenarios #2, "Hazard |dentified but Dose-Response not
Understood,” and #3, "Present Uncertainty Persists." Because of the complexities of distribution networks,
magnetic fields from distribution lines are more difficult to model and predict than magnetic fields from
transmission lines. Therefore, it might not be practical to include distribution lines in this policy. Further
study of thisissue would be needed if this policy option were to be seriously considered.

Prohibiting increases in current loading and/or magnetic field levels depends on the ability to define
historic baseline levels, for example, averaging over the most recent three to five years or over a period of
years prior to a specific date. For now, a policy based on magnetic field limits is infeasible because there are
not adequate data to characterize historic field values at schools near transmission lines and substations.
Often there are better data available for historic current loads on transmission lines that could be used to set
limits on aline-by-line basis. In the event that historic data are not a practical option, there are three
workable aternatives. First, measurements could be made to establish baseline current loads and/or
magnetic field strengths from recent operating conditions. Alternatively, basdline levels could be based on
some fraction of rated capacity for each type of line and substation. A third approach would be to combine
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both solutions by implementing limits based on the rated capacity while collecting baseline data. This policy
is analogous to regulations in other environmental arenas, particularly water quality, that prohibit any
worsening from existing conditions, irrespective of whether or not these conditions exceed compliance
standards.

In response to concerns about the potential health impacts of EMFs, Florida's Department of
Environmental Protection instituted in 1996 a policy prohibiting increases in field strength for new and
modified transmission lines and substations rated at 69 kV or greater. The central purpose of this policy was
to prohibit “any new or modified transmission line or substation, under normal conditions, to cause eectric
or magnetic field strengths greater than the highest operating voltage and the maximum current rating (MCR)
values for existing transmission lines and substations.” The Florida policy differsin scope from the one
described here. It appliesto all power lines and facilities greater than 69kV, not just those near schooals. In
addition, the Florida policy is limited only to new and modified lines and facilities, specifically excluding
those on which construction commenced on or prior to March 21, 1989. Nevertheless, the implementation
procedures of the Florida policy illustrate those required for alimits-based policy, particularly one based on
the theoretical capacity of each line or substation.

Florida set maximum electric and magnetic field strengths at the edge of the right of way for different
sized transmission lines and substations. These maximum allowable e ectric and magnetic fields were based
on models that took into account line current, line configuration, and local topography. The limits were not
based on epidemiologic data or dose-response calculations.

The Florida policy specified in detail some features typical of environmenta regulations. There was
specific mention of the techniques by which field strengths would be estimated from maximum current
rating and line configuration. The policy defined “right of way” in detail for a variety of typica
circumstances. For monitoring purposes, it specified that devices for measuring and recording voltage and
current flow or their equivalent are to be included on al new 230 kV lines or their equivaent and
exceedances (as specifically defined) must be reported to the Department. Rather than monitoring electric
and magnetic fields directly, this policy depends on well-established calculations that relate voltage and
current flow to eectric and magnetic fields at the edge of the right of way. Allowance was made for
emergency situations in which the limits may be exceeded and an upper limit was set for the number of
hours per year that such exceedances can occur. Additional exemptions could provide for proposed changes
to power lines that could result in alarge enough field reductions to alow for increasing current.

However, the Florida policy differs from the one proposed here in that its field limits are applicable to

all lines within a particular category and are established near the maximum capacity of the existing lines.
Thus the Florida policy does not prohibit increases on lines that are being operated below the maximum
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limit. In contrast, the policy option described here would require establishing alimit for each particular line
based on its historical loading, independent of that loading’s relationship with the capacity of the line or that
of other similar lines. This will limit flexibility and, as discussed in the following paragraph, may require the
construction of additional capacity elsewhere.

Because a policy prohibiting increases in EMF exposure would affect only line routes very near
schools, an unintended impact might be encouragement of new power lines in other areas to accommodate
needed load growth. The extent to which this might occur depends on spatial and temporal patterns in the
growth of electricity demand and the degree to which this demand could be accommodated by switching
loads from one part of the transmission or distribution network to another. For example, if lines near schools
are being used at much less than their rated capacity, and if the limits reflect historic (rather than theoretical
maximum) usage, then such limits might cause new lines to be built in other areas. A further consideration is
that if linesin other areas are not being used at their rated capacity, loads could be switched to these other
areas, thereby increasing magnetic field levelsin that part of the community. However, utility engineers have
avariety of techniques that permit increasing loads on existing lines without increasing magnetic field levels.
These could be applied to lines near schools as well as to those in other areas. The impact on EMF levels
near the lines may vary depending on whether the limit is framed as a magnetic field limit or a current load
limit. Thus, the actual degree to which this policy option would constrain the delivery of electricity to areas
of increased demand is highly variable and dependent on several context-dependent factors. Despite the
possibility of switching loads to accommodate a limit near schools, from a practical standpoint, attempting to
control loads on a lengthy power line to address exposures along a very short segment of that line near a
school does not appear reasonable.

In addition, alarger issue is that the factors leading to increased currents on utility facilities are outside
the control of utilities. Instead, they are in the control of cities and counties that approve new devel opment

and industry and consumers who may increase their electricity use.

Deveoping and implementing standards under this option would involve the activities outlined in Table
5.2.
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Table 5.2. Sepsinvolved in prohibiting increases in load/exposure for power lines and
substations near schools.

Major Steps Specific Actions

I. Definitionsand rulemaking  a. Define affected schools and power lines

b. Define average current load

¢. Adopt protocol for measuring average current load

d. Definelocation and level of “not to exceed” electric/magnetic

fields

e. Define exemptions for emergencies, field reduction methods
I1. Compliance a. Define exceedences of average current load

b. Define compliance options

c. Define time allowance for compliance

[11. Enforcement a. Adopt protocol for determining violations of average current load
limits
b. Establish penalty for violations

IV. Gather baseline data a. ldentify all power lines of interest

b. Determine average current load for these lines
c. Register applicable lines and average current with implementing
agency
d. Verify average current load ratings

V. Surveying and reporting a. Monitor actual average current |oad
b. Periodically monitor electric and magnetic fields at defined
location
¢. Submit reports to implementing agency
d. Provide copies of reportsto school administrator at affected
school

5.1.4 Option 4: Field-strength standards

This policy may apply to power lines (new and/or existing) and/or building sources. It might be adopted
as a prudent policy pending a definitive conclusion on the presence and extent of EMF health risks (risk
scenario #3, present uncertainty persists). It could also be adopted as a response to such definitive
information if and when it becomes available (risk scenarios #1 and #2, hazard identified). Of course, the
scientific basis for standard setting would be clearest under risk scenario #1, dose response understood, less
clear under scenario #2, dose response not understood, and least clear under scenario #3.
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Deveoping and implementing standards under this option would involve the activities outlined in Table
5.3. The number of situations affected by the policy would depend on the field level chosen for the
standard, whether the standard is applied to new and/or existing schools and power lines, and whether the
standard applies to power line fields and/to fields from building wiring or appliances.

Because magnetic fields vary in space and time, any field standard must specify how this variation shall
be taken into account. It is extremely difficult and expensive to measure school fields continuously and in all
locations. The challenge isto design a practical and affordable protocol that is nonethel ess able to detect
most exposure situations of concern. There are a number of options. Which is chosen should depend on
survey budgets, and on policy makers' tolerance for false positives (finding a high field situation when there
is none) and false negatives (failing to find high fields when they are present). Field-strength standards that
depend on spot measurements, while they miss the temporal variation in fields, are much easier and cheaper
to administer than are field-strength standards that incorporate temporal variation. Thus, there is a tradeoff
between simplicity of implementation and the inefficiencies associated with ignoring temporal variation.

Specification of standards using “never-to-be-exceeded” field strengths is impractical because the
measurements needed to support such a standard would be too costly. A more practical standard might
specify a particular density of spot measurements (e.g. 2 meter grid) to be taken during school hours and
then corrected for season and time-of-day using universal correction factors derived from the Enertech
database for schools and additional focused sampling. The standard could be specified for one or more of
the following: school-wide spatial average field level, spatial average not to be exceeded in any regularly
occupied area (e.g. classroom, library), and spatial maximum field (defined as some percentile of the spot
measurements) not to be exceeded in any regularly occupied area. If short-duration exposures to high field
levels are a concern, the standard might also specify maximum fields in areas occupied only occasionally
(e.g. hdlways, bathrooms).
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1
2 Table 5.3. Sepsinvolved in setting and implementing standards based on field strengths for
3 EMF exposuresin schools.
Major Steps Specific Actions
|. Definitions and a. Define affected schools and power lines
rulemaking b. Specify maximum average magnetic field limits, including averaging time,
place of measurement, field value, areas included or excluded
Or:
Specify ceiling values, including place of measurement, field value, areas
included or excluded
¢. Adopt protocol for measuring fields, including spatial and temporal qualities
and allowable exceedences, if any
I1. Compliance a. Define compliance options for existing facilities: relocating, reconfiguring,
abandoning, shifting load, or undergrounding power lines; physical changesto
school facilities such as rewiring, replacement of equipment; changing use
patterns of school buildings, rooms, and grounds
b. Specify EMF design standards for new schools
¢. Define time allowance for compliance
[11. Enforcement a. Adopt rules and protocol for determining violations, notification,
publication
b. Establish penalty for violations
IV. Gather baseline data | a. Survey schools
b. Identify non-complying schools
c. ldentify power lines associated with non-compliant nearby schools
d. Measure existing magnetic fields for power lines
e. Calculate future maximum average fields based on design load
f. Register power linesinformation (location, average, and future maximum
magnetic fields) with implementing agency
g. Process permanent or temporary exclusion for power lines that meet
standard (temporary exclusion to apply where standards are met at current load,
but where standards might be exceeded under the existing configuration if
|oads are increased)
V. Surveying and a. Periodically conduct surveys and report magnetic fields for schools and
reporting power lines near schools
b. Submit reports to implementing agency
c. Provide copies of power line reports to school administrator at affected
school
4
5
6 Field-strength standards would need to differentiate between fields from operator sources (e.g.
7  computers, electric pencil sharpeners) and fields from area sources (e.g. power lines, net currents). Methods
8  for assessing exposures for these two types of sources differ greatly, so field-strength standards would have
9  toconsider each type separately. Standards for operator sources might specify maximum field strength
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profiles to be applied to purchases of new equipment. Standards for operator sources might specify that no
student shall be seated within a certain distance of operator sources being operated by others.

For afield standard option, various rules may be applied to different areas of the school grounds based
on whether they are occupied continuously or sporadically. For example, hallways, storage areas, rest
rooms, locker rooms could be exempted. Areas of existing school grounds that exceed the standards would
require physical modifications such as rewiring or remodeling, or changes in activity patterns such as
changing the use of an area, to bring them into compliance. Low field design guiddines could be adopted for
new schools to minimize internal sources, and existing school siting guidelines would continue to be
implemented.

As an adternative to numerical field standards for power lines, some propose using “wire codes’ to
place limits on the configuration of power lines near schools or on the proximity of school areas to those
lines. Asdiscussed in detail in Section 2.3, this approach is unlikely to be better than managing magnetic
field exposure based on field strength per se.  Therefore, we do not consider wire codes as a possible basis
for regulation of EMF fields in schools.

5.1.5 Option 5: Maximum permissible time-averaged personal EMF exposure standard

The time-averaged exposure limits in this option differ from field strength based standards in that
people’ s activity patterns are taken into account. If risk is believed to be cumulative, so that long exposures
to low fields carry the same risk as short exposures to high fields, then a personal exposure standard could
have some efficiency benefits over afield strength standard. For instance, high schools that have a few
classrooms with high field strengths may not have to reduce these field levels, since high school students
change classrooms from hour to hour. Their total exposure over the course of the school day will not be
influenced greatly by spending just one hour in a classroom with elevated field levels. This may not be the
case for teachers, however, who typically spend more of their day in just one classroom.

This policy would have to specify an averaging period for exposure. One possibility would be to
specify the averaging period based on atypical school day with the requirement that a school-day time
weighted average (TWA) not exceed the median California home TWA.. Other possibilities would be shorter
or longer averaging periods, and perhaps different field limits.

There are many possible ways to implement this policy. One would be to map fieldsin all school
facilities and estimate the time spent in each area by each student and staff. Daily personal exposure
estimates could then be made for each student and staff. Mitigation options could then be considered only
for those individuals whose daily exposure exceeds the standard. The cheapest set of mitigation options
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needed to bring everyone's personal exposure into compliance would be the set adopted. These mitigation
options might include either reducing field strengths or changing where particular individuals spend their
time.

The added complexities of this policy over afied strength limit may be justified by the savingsin
mitigation costs. No estimate of the amount of these savings is currently available, but they would vary
considerably from school to school. One disadvantage of the persona exposure compared to field strength
limitsis that the former would be less efficient than the latter in the event that dose-response relationships
are not linear. For instance, personal exposure limits based on TWA exposure would not be advantageous
in the event that EMF risk accrued only above some threshold field strength.

5.1.6 Option 6: Technology-based standards

Technology-based standards could apply to both power lines and building sources, and to both existing
and new power lines and schools. This option differs from others that involve setting standards for EMF
levels and/or exposures in that it defines the control measure (technological fix) rather than the outcome
(EMF level/exposure). In the more traditional approach to implementing technology standards, al facilities
would comply with the same standards regardless of actua exposure levelsin the schools. A more flexible
policy would make the implementation of aternate technology “fixes’ conditional on load and/or field levels
in each specific circumstance. This policy would require future monitoring of facilities to ensure compliance
with standards.

Technology standards that might be applied to EMF in schools include the following:

- Configuration, set-back, and line-height standards for distribution and transmission lines
near schools.

- Requirements for net-current warning lights on individua circuits leaving electrica
panels.

- Requirements for eectronic ballasts in fluorescent lighting fixtures.

- Reguirements that power transformers and electrical panels be placed at some
minimum distance from any continuously occupied area.

In a sense, the National Electrical Code requirements for connection of neutral and ground wiresis a
technology standard. This might be added to the above list as a measure for preventing magnetic fields
from net currents.

Thereisalong history of technology-based standards in other areas of environmenta concern (e.g., air

and water quality, automobile safety). Such standards ensure that all relevant facilities are complying with at
least a minimum level of environmenta or health and safety protection. They are aso fair in the sense of
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imposing the same costs on dl facilities. Another benefit of technology standards is their simplicity. No
magnetic field surveys and source identification are needed. On the other hand, there is abundant evidence
that technological standards are less economically efficient than alternatives that focus on aspects of either
ambient pollutant (field) levels or actual human exposure. Schools that would not have to perform any field
reduction under afield-strength standard, might still be required to invest in mitigation under a technology
standard.

At present, most large electric utilities in California have adopted EMF Design Guidelines for new
facilities as aresult of CPUC Decision 93-11-013. These guidelines compare different methods for reducing
EMF in the construction of new distribution and transmission lines and substations. They are intended for
use by utility personnel who are involved in the planning, design, construction, and reconstruction of electric
facilities. Technology based standards for schools would require comparable guiddines to be developed
and adopted for schools for use by planners, architects, and engineers involved in the design and
construction of both new and remodeled schools and power lines near schools. Asin the CPUC policy,
low-cost standards could be established for risk scenario #3, present uncertainty persists, and higher-cost
standards considered if and when information about EMF hazard becomes clearer (risk scenarios #1 and
#2).

With funding from the national EMF RAPID Program, CDHS recently completed the EMF Checklist
for School Buildings and Grounds Construction(CALIF_DHS, 1999). The checklist incorporates the state
school siting guidelines regarding power lines and identifies no-cost and low-cost field management
techniques for use in site planning, building design, construction, occupancy, and remodeling. The checklist
could be the basis for mandatory statewide technical standards appropriate to risk scenario #3, present
uncertainty persists.

Any technology-based standards applied to school would be implemented by the California Department
of Education and the Office of the State Architect under their existing authority to establish standards for
school construction.

5.1.7 Option 7: Enforce relevant provisions of the National Electrical Code

The Enertech study of exposure in California schools (Zaffanella and Hooper, 2000) found that a
major source of EMF exposure is improper electrical connections in wall wiring, both between neutrals and
between neutral and ground. The Nationa Electrical Code (NEC) prohibits paralleled neutral conductorsin a
circuit, and neutral-to-ground connections must be made only at the service entrance point. In California,
there is no mechanism for ensuring that schools comply with the NEC. In fact, school districts are not
required to have new schools inspected by local building inspectors; they perform their own inspections.
Under this policy, new schools would be required to specify that the electrical contractor perform
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appropriate tests on al circuits and fix any improper connections. The equivaent of “low field design
guidelines” would be developed for new schools that would include this and other accepted practices for
keeping interna source exposure to a minimum.

Existing schools would be required to obtain an electrical inspection to check for improper neutra
connections, and to correct these conditions. Correcting such wiring errors will not only reduce magnetic
field levels but will aso reduce the risk of electric shock, electrical fires, and overvoltage damage to
electrical and eectronic equipment. At this time, we are unable to quantify the size of these co-benefits
because the incidence of electrical shock, fire, and equipment damage in schools is unknown.

The relevant provisions of the NEC were described in an April 28, 2000 letter from the School
Facilities Planning Division to all school districts in California. They include:

Section 250-24(a)(5) — 1999, prohibiting connection of neutrals to any grounding connection on the load

side of the service entrance main disconnect. This was formerly Section 250-61(b).

Section 310-4, prohibiting connection of a neutral to another neutral such that a parallel return path to

the panel is set up, unless the conductors are 1/0 or larger and meet exacting conditions.

Section 300-3(b), requiring all conductors of a circuit to run together in whatever channel they are

using. This reinforces article 310-4.

Section 300-20(a), which repesats the above requirement with attention to circuits running in metalic

enclosures such as conduits, point out the inductive heating effect on the conduit.

Section 250-32(b) — 1999, which no longer allows the neutral bus in the panel for a separate building to

be bonded to the ground at the panel unless there are no grounded metallic connections between the

buildings. This replaces former Section 250-24(a).

The National Electrical Code is constantly being updated, so some of these provisions may not have
been in force at the time that a school building was constructed.

5.1.8 Option 8: Statewide program to address all health and safety risks in schools

This option differs greatly from the others considered here in that it requires coordinating a much
broader range of risk prevention efforts compared to those that only consider possible risks from EMF
exposure. The underlying motivation is to alocate society’s limited resources for reducing risks in schools
where they would achieve the greatest overall risk reductions.

A risk-based standard for schools would require that schools address their worst risks first (or their

most efficiently mitigated risk first), whether or not they are related to EMF. Non-EMF risks involve both
injury and illness and this option would require a statewide assessment of risk statistics to establish priorities
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for risk reduction. This option could be implemented in one of two ways. The first approach would use
national or statewide statistics to identify and prioritize risks, which would then be addressed uniformly in all
schools throughout the state. The second approach would require individua school districts to follow
statewide guidelines to prepare district-wide risk assessments a broad range of risks. Site-specific checklists
could then help identify schools with the most significant problems based upon criteria established in the
guiddines.

5.2  Analysis of exposure and risk reduction options

The options described above differ substantially across a range of factors important to decision makers,

including:

potentia for exposure reduction

costs

implications for equity, fairness, and environmental justice

implications for ligbility and potentia litigation

administrative effort

adaptability to future changes in knowledge.

This section compares the exposure and risk reduction options from the perspective of each of these
key factors.

5.2.1 Potential for exposure reduction

At one extreme, eliminating existing EMF programs will obviously not result in any exposure reduction.
For the remaining options, the results of the Enertech of California schools (Zaffanella and Hooper, 2000)
helps provide a basis for ranking the options in terms of their potential for exposure reduction. For the status
guo option, the improved information about sources of exposure in schools and about the costs and benefits
of mitigation and other options has the potentia for improving the effectiveness of existing exposure
reduction efforts. However, the statewide impact of this improvement will probably be low, since exposure
reduction efforts would remain largely at the discretion of decision makersin the 800 local school districts.
Prohibiting increases in fields around existing power lines will have little impact on exposures in schooals,
given that the mgjority of elevated fields are due to internal sources. There is some chance that, over the
long run, this option could have community-wide impacts if additional capacity needed to be constructed
elsewhere to compensate for the loss in growth potentia on existing lines near schools. Under some
scenarios, the consequences of such a policy might be a net increase in population EMF exposure from the
transmission and distribution network as a whole. The exposure reduction potential for options to set field or
personal standards depends entirely on the level at which standards are set. In theory, these options have the
potentia for substantial exposure reduction, assuming standards are set a alow level. Enforcing the
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electrical code within classroom buildings has the greatest potential for reducing exposure because this would
directly address the most important source of elevated fields in schools.

5.2.2 Costs

The costs of possible EMF management policies can have any or al of the following components:
- Administrative costs for the implementing agency to both promulgate and enforce the policy
- Administrative costs for schools and other organizations to interpret and implement the policy
- Information gathering costs, often paid to consultants, for surveys, analysis, and design.
- Capital or construction costs to effect any needed changes in electrical system design or hardware.
- Ongoing space usage costs, for cases in which the space has been allocated to a lower-valued use.
Observations on the cost components of particular policy options are as follows.

5.2.2.1 Costs of the Status quo

Under the status quo, EMF problems in schools are handled on a case-by-case basis. On the one
hand, statewide costs under the status quo have been relatively small, because few schools with elevated
EMF levels have actually placed EMF risks on their management agenda. On the other hand, the case-
specific costs to proceed on case-by-case basis are quite high. Each school that encounters an EMF
problem confronts a steep learning curve and weeks of rancor as school officials, parents, and perhaps the
local utility debate options. Expensive consultants often must be hired at school expense to provide
information on field levels, sources, and mitigation options. If it is decided to reduce exposures in some area
of the school, these reductions are usually performed at school expense. Thus, wealthy school districts are
more likely to attend to EMF problems than poor districts.

Most utilities will provide free spot measurements of magnetic fields within schools, from all sources.
But detailed surveys and further technical assistance are not standard services available from all utilities.
Consultants are not in a position to determine cost or feasihility of field reduction actions on the utility
system without substantial input from the utility. Ultimately, the utility must approve or disapprove of any
proposed chan